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Abstract 
The supply of fossil energy is not equally distributed over the world. Despite the growth in renewable energy, fossil 
fuels will continue to dominate the energy sector for the near future. As an alternative energy source, hydrogen is 
regarded as a suitable storage and transmission vector of energy from renewable power systems.  
The aim of this paper is to assemble public and private sector officials in an international strategic planning process to 
advance the efficient development of a hydrogen economy infrastructure and to understand six sigma methodology 
and its contribution to energy efficiency. In this paper, Six Sigma methodology - a rigorous and disciplined 
methodology that uses data and statistical analysis to measure and improve performance - has been applied to 
hydrogen energy to boost energy efficiency and to emphasize the importance of exploring potential future sources of 
sustainable, reliable and competitively priced energy. 
This study is an initiative to implement the six sigma methodology in a Hydrogen power plant with the aim of 
encouraging governments to support the use of renewable energy i.e. hydrogen energy. 
 
Keywords: Hydrogen economy; Six Sigma; Energy efficiency; Renewable energy investments 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of International 
Conference on Leadership, Technology and Innovation Management 
 
 Corresponding author. Tel. + 90-533-436-7258  fax. +90-212-289-3224 
Email address: sudiapak@beykent.edu.tr  
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of The First International Conference on 
Leadership, Technology and Innovation Management Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
411 Sudi Apak et al. /  Procedia - Social and Behavioral Sciences  41 ( 2012 )  410 – 417 
1. Introduction 
The energy sector is one of the main sectors in the economy. The increase in energy consumption 
depending on the increase of the world population and innovative technological developments require 
closer attention to the changes in energy sources. 
In a global environment, organizations are under continual pressure to control costs, maintain high 
levels of safety and quality, and save energy. Renewable energy sources are vital for the sustainable 
economic development. The current use of renewable energy, however, is still limited in spite of its vast 
potential. 
By early 2009, policy targets for renewable energy existed in at least 73 countries and states in the 
worldwide. According to an International Energy Agency (IEA) 2008 study [1], fossil fuels account for 
more than 80 percent of the global energy supply and that share is not expected to change over the next 
25 years under a business usual scenario currently. 
On the other hand, the Six Sigma methodology reduces variations in business processes. In fact, 
fundamental concept of Six Sigma is a process. In other words, a process which means any set of 
repetitive steps in any manufacturing, services or transactional environment to be involved in order  to 
achieve an ultimate product, and functions. Six Sigma increases quality by reducing process variability 
and aligning customer’s expectations, providing high financial returns. In an innovation economy six 
sigma was used to streamline the check-out process and had a profound impact on the business world. 
At the same time, Six Sigma is a business management strategy originally developed by Motorola 
Company, in 1981. As of 2009, it enjoys widespread application in many sectors of industry, although its 
application is not without controversy. According to the American Society for Quality, 82 of the largest 
companies in the USA have embraced it. In this context, it is possible to apply Six Sigma methodology in 
hydrogen energy to increase energy efficiency.  
The outline of the paper is as follow; in the next section we present hydrogen economy and six sigma 
applications. We discuss renewable hydrogen energy and energy efficiency at the 3rd section. This will be 
followed by the roles of energy investments via international institutions are presented before we draw 
key conclusions. 
 
2. Literature Review And Hypotheses    
2.1. Six Sigma Applications Toward Hydrogen Economy 
Six Sigma methodology seeks to improve the quality of process outputs by identifying and removing 
the causes of errors and minimizing variability in manufacturing and business processes.  
 
2.2. Six Sigma Tactics (DMAIC) and Applications 
One key innovation of Six Sigma involves the "professionalizing" of quality management functions. 
Prior to Six Sigma, quality management in practice was largely relegated to the production floor and to 
statisticians in a separate quality department. Six Sigma borrows martial arts ranking terminology to 
define a hierarchy that cuts across all business functions. 
Each Six Sigma project carried out within an organization follows a defined sequence of steps and has 
quantified targets. These targets can be financial (cost reduction or profit increase) or whatever is critical 
to the customer of that process (cycle time, safety, delivery, etc.). 
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3. Methodology 
Central to Six Sigma is the DMAIC problem-solving methodology is given respectively below;  
1. Define: The project team is formed, a charter is created, customers’ needs and requirements 
are determined and verified, and finally, a high-level map of the current process is created. 
2. Measure: The second step of the application of six sigma tactics is that the current sigma 
performance is calculated, sometimes at a more detailed level than occurred at the strategic level of six 
sigma. 
3. Analysis: The third step in applying six sigma is analysis. During this step, the team generates 
and selects a set of solutions to improve sigma performance of the process. 
4. Improve: The forth step of applying six sigma tactics is improvement. In this step, the team 
generates and selects a set of solutions to improve sigma performance. 
5. Control: The fifth and last step is controlling. [2] 
 
Therefore, the six sigma methodology collects data on variations in outputs associated with each 
process, so that the process can be improved and those variations reduced. After that here a set of tools 
and techniques are applied to the newly improved process. Hence, the improved sigma performance holds 
up over time. Basically, it means that you have achieved six sigma when your processes deliver only 3.4 
defects per million opportunities. For example, this would mean that out of one million bags checked in at 
the airport luggage counter, only 3.4 would be lost. In other words, your processes are working almost 
perfectly. Of course, this is very difficult to do, but the manager can begin to approach it by implementing 
the Six Sigma methodology [3]. This standard corresponds to a defect level of 3.4 per million 
opportunities and a defect – free yield rate of 99.999 66 %. The six sigma metric originated at Motorola 
as away to compare performance accross disparate processes- e.g the performance of a die casting process 
can be compared with that of a parts-ordering  process using the common metric of Sigma level.The 
metric also signifies a spirit of continuous improvement toward six sigma level process performance. [4] 
In this regard, here is another example from the six sigma way; you do not want your ‘’drive to 
work’’ process to produce defects (early or late arrivals) more than 3.4 trips out of every million trips you 
make.Your target arrival time at work is 8.30 a.m but you are willing to live with a few minutes either 
way, say 8.28 to 8.32 a.m., since your drive normally takes you 18 minutes, this means your target 
commute time is anywhere between 16 and 20 minutes. [5] 
Six sigma will improve every aspect of business: process, products and services, customer 
satisfaction, employee commitment and performance and company culture. 
But the managers don’t realize any of these benefits if they aren’t completely dedicated. Are they 
fully committed? 
Commitment: First and foremost, the manager must be firmly committed to implementing Six 
Sigma. This will require dedicating significant time, energy and company resources. 
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Promotion: As a leader, the manager will promote the six sigma methodology throughout the 
business. The manager will be responsible for introducing the entire Six Sigma concept and strategy to 
the employees, empowering them and supporting their efforts and embracing and promoting change [3]. 
 
Table 1: Six Sigma research objectives and research questions vs. hydrogen energy 
Research objectives Research questions 
 
Decide upon the necessity of implementing Six 
Sigma at Hydrogen plant 
How spread is Six Sigma (DMAIC)  Tactics in the 
Hydrogen Industry ? 
Define prerequisites for implementation of 
Six Sigma at Hydrogen plant 
What prerequisites and possible limitations for 
implementing Six Sigma and for continuous 
change are there on Hydrogen energy considering 
the special conditions that apply to the company? 
Define a method and recommendations for 
implementation of Six Sigma  
Which are the phases and success factors for 
successful implementation of Six Sigma? 
Based on [6] 
As it can be seen from Table 1 above, when implementing six sigma, company’s internal 
improvements are most common. It usually starts by reducing scrap and waste, internal delays and other 
low hanging fruits-obvious improvement areas which are improved relatively easy. Constantly, improving 
the company leads to the point in time where you need to affect and improve the relationship to others 
and the environment in which you act. The need to cooperate with the suppliers, partners and customers 
in improvement initiatives arises [6] 
However, the application of six sigma proves the industry is a small step towards an energy 
economy. Once six sigma finds its rightful place in the energy-intensive process industry, enormous gains 
can always be expected from its application [7]. Fortunately, six sigma contains a good dose of risk 
management but, the truth is that any company shooting for six sigma must be ready for (and willing to 
learn from) occasional setbacks. As a manager in a six sigma company said, “the good kids have got us as 
far as they can by coming up with the right answers. Now, the bad kids have to move us ahead by 
challenging everything we do” [5].  
4. Analyses and Results 
 
Energy technologies, particularly those related to fossil fuel extraction, transportation, processing and 
end-use (which is almost always combustion) have harmful impacts on the environment, which cause 
direct and indirect negative effects on the economy [8]. Therefore, as an alternative to this fossil fuel 
extraction as one of a kind of renewable energy sources hydrogen is considered to be an ideal energy 
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carrier in the foreseeable future. Hydrogen can be used in any application in which fossil fuels are being 
used today. The hydrogen economy is a proposal for the distribution of energy using hydrogen. 
The hydrogen economy is within sight. How fast we get there will depend on how committed we are to 
weaning ourselves off of oil and the other fossil fuels. If we simply toy with or delay the transition in the 
belief that there is plenty of cheap oil left to supply our needs well into the midst of the 21st  century, we 
may find ourselves wholly unprepared to make a timely transition where global oil production to peak in 
the next few years [9]. 
Even though, hydrogen energy can be used in different fields such as fuel in furnaces, internal 
combustion engines, turbines and jet engines, its popularity comes from utilising in automobile industry 
recently. Because of the fact that, automobiles, buses, trains, ships, submarines, airplanes and rockets can 
be run on hydrogen. Moreover, hydrogen is an important industrial gas and raw material in numerous 
industries, such as personal computer,  phone cell, today’s 3G phone technology, metallurgical, chemical, 
pharmaceutical, fertilizer and food industries. 
Since businesses are too often concerned with short-term profits, governments and international 
organizations must realize the long-term benefits of the hydrogen energy system and support the 
transition both legislatively and financially [8]. 
In this context, the key question of the automobile industry facing during the transition to hydrogen 
fuel-cell powered vehicles is how to produce, distribute and store hydrogen cheaply enough to be 
competitive with gasoline at the pump. Some studies estimate that it would cost more than $ 100 billion to 
create a national infrastructure for producing and distributing hydrogen in bulk [9].  Additional major 
difficulties are interrelation and interdependence between the hydrogen technologies. For example, it will 
be impossible to introduce hydrogen powered automobiles or hydrogen powered airplanes into the market 
without reliable and economically feasible technologies for hydrogen production, distribution, storage and 
refueling. On the other hand, significant development of hydrogen production, distribution and storage 
technologies will never take place without a large demand for inexpensive hydrogen [8]. 
4.1. Renawable Energy and Energy Efficiency via Six Sigma Projects 
The world consumes around 80 million 42-gallon barrels of oil a day but, despite the increasing 
demand coming from a large number of emerging economies, the demand from the biggest consumers of 
oil is falling, however energy efficiency and the availability of renewable energy sources are increasing. 
Renewable energy is one of the key solutions to the current challenges facing the world’s future by means 
of energy sources. 
We can develop innovative solutions that can help to reduce society’s dependency on fossil fuels. At 
the same time, we can build an energy efficiency culture through executive leadership and develop 
additional new specific products that deliver energy efficiency. These solutions range from improvements 
in energy efficiency and renewable energy sources that reduce fossil fuel consumption to sustainable 
energy. 
Increasing energy efficiency within business operations is the first step towards reducing energy-
related risks. Futhermore, companies which use energy sources efficiently are less exposed to volatility 
and price increases [10]. Energy efficiency can effectively mitigate the three types of enterprise risk, 
including 1) strategic risk, 2) financial risk and 3) reputation risk.  
On the other hand, project selection, management and control skills are the topics that Six Sigma 
projects have to be carefully reviewed, planned and selected to maximize the benefits of implementation. 
The project has to be feasible, organizationally and financially beneficial, and customer oriented. There 
has to be a clear set of measures and metrics in order to incorporate the customer requirements. The 
project has to be reviewed periodically in order to evaluate the status of the project as well as the 
performance of six sigma tools and techniques being implemented. The project should be well 
documented to track project constraints, mainly cost, schedule and scope. There should also be a lessons 
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learned mechanism to capture the key issues of previous projects [11]. What the six sigma tactics at the 
project level are trying to accomplish is to achieve greater effectiveness and efficiency. Six sigma tactics 
at the project level require you to participate on a team for four to six months. It requires you to spend 
about 20 percent of your time for work on the project [2]. Moreover, information technology support such 
as databese management and analysis tools are essential in Six Sigma programs for routine tracking of 
processes and for project executions [4]. 
Therefore, in the USA, Dow Company improved energy intensity (energy use per pound of product) 
by 22% between 1994 and 2005 versus a 20% goal. This result was achieved through a combination of 
efforts, including global use cogeneration to produce power, application of the six sigma discipline and 
methodology and employee engagement in energy efficiency. 
Researchers and practitioners are trying to integrate the six sigma with other existing innovative 
management practices that have been around to make six sigma method even more attractive to different 
organizations that might have not started or fully implemented it [11].   
In order to implement this innovative management method, effectiveness applies to the output 
measures which are important notions to the customer and the effectiveness of your suppliers. The 
efficiency measures refer to what occurs inside the process whether it is the amount of time, cost, labor or 
value occurring between the beginning and the end within the process map [2]. 
Almost unanimously, positive growth effects are found if financing is concentrated to the 
manufacturing or infrastructure sectors, and when the countries in question are already at a relatively 
advanced stage of development [12]. Meanwhile, if we look at the financial side of the alternative energy 
projects, we see that renewable energy project developers should benefit from a growing investor 
willingness to risk money in emerging markets. Historically, debt and equity have been difficult to secure 
for renewable energy projects because of their small size, long payback period and lack of identity in the 
financial markets. However, as renewable energy technologies increase in visibility in the capital markets 
and their risks are better understood, smaller rural projects should be able to utilize these financing 
mechanisms. Commercial bank lending for small scale renewable energy projects is not readily available 
because of the small size of the projects [13]. 
In summary, we need to consider not only which energy pathways favour hydrogen production but 
also, just as importantly, how likely they are to occur. In general, the maximum future production of 
hydrogen depends on total primary energy use, since its being a derived fuel, production must be less than 
it is already. We have argued that high levels of energy, from whatever source, are unlikely by 2050 or 
even after [14]. 
4.2. Renawable Energy Investment Funds and Instutions 
As a result of the global economic downturn, energy investments are generally frozen and demand for 
oil, gas and coal has declined globally. Many countries already foster the production and use of renewable 
energy through different approaches because they recognise many benefits. But, there are some obstacles 
such as, import tariffs and technical barriers and insecure financing of renewable energy projects.  
In the transitional period, hydrogen would be produced “where and when it is needed in quantities that 
match the incremental growth of fuel-cell vehicle (FCV) sales, minimizing the need  for multi-bilion –
dollar investments prior to the introduction of sufficient numbers of FCVs to provide adequate return  on 
investment” [15]. The hydrogen economy is within sight. The “hydrogen question” is like the classic 
chicken-and-egg problem. The automobile companies are reluctant to manufacture direct-hydrogen fuel-
cell cars for fear that the energy companies won’t invest sufficient funds to create thousands of hydrogen 
fueling stations [9]. 
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4.3.  IFC’s Renewable Energy and Energy Efficiency Fund :( REEF) 
Hydrogen Energy System is a coherent, comprehensive and permanent solution to the global energy-
economic-environmental problems, and as such deserves support from individual governments and 
industrial organizations [8].  In other words, we need international organizations, for example IFCs the 
REEF fund is a specialized fund to invest in private sector projects in the renewable energy and energy 
efficiency sectors in emerging markets. The primary objective of the REEF is to generate a competitive 
rate of return from diversified equity and debt portfolios containing renewable energy and energy 
efficiency investments. REEF will never serve as the principal investor on a project and will only invest 
in projects when the sponsor holds a significant financial stake. The underlying goal of the REEF is that it 
will catalyze further investment in these types of projects by increasing awareness about the technologies 
and project structures that have been proven in the market, supporting new types of projects and 
developing and accessing new sources of commercial financing [16]. 
The IFC’s Renewable Energy and Energy Efficiency Fund (REEF) is expected to be the first global 
fund dedicated to investing in private sector renewable energy and energy efficiency in developing 
countries. The fund is expected to provide $ 150-200 million of private and IFC capital for financing 
on/off-grid projects of less than 50 MW [17]. 
For the IFC’s evaluation of the possibility of rapid expansion of the renewable energy and energy 
efficiency markets in developing countries, they have targeted the REEF at on-grid and off-grid 
renewable energy projects and energy efficiency businesses. This will be done by making investments in:  
• Grid-connected renewable energy power projects;  
• Small-scale off-grid power systems that use renewable energy technologies (e.g., solar home 
systems, small distributed mini-grids);  
• Energy service companies and individual end-users that investment in energy efficiency 
technologies; and  
• Local manufacturing companies and financial intermediaries involved in the renewable energy and 
energy efficiency sector [16]. 
 
4.4. “International Renewable Energy Agency”: IRENA 
The beginning of 2009 witnessed a significant milestone in energy policy and instutions. By April 
2009, 78 countries had signed the statue of the International Renewable Energy Agency –IRENA. 
Members are from areas including most countries of the EU and many developing countries from Africa 
to Asia-Pasific to Latin America. 
According to Renewables Global Status Report; a major task of the Agency is to develop 
comprehensive solutions, such as fostering all types of renewable energy and to consider various 
renewable energy policies at the local, regional and national levels. In fulfilling its work, IRENA 
considers specific environmental, economic and socio-cultural conditions of its Members. The active 
involvement of stakeholders from the energy industry, academia, civil society and other institutions is 
very important for the Agency to implement successful and enduring policy solutions. IRENA will 
provide advice and support to governments worldwide on renewable energy policy, capacity building and 
technology transfer. IRENA will also improve the follow of financing and know-how, and collaborate 
with existing renewable energy organizations [18]. 
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5. Conclusion 
The global economic crisis affected renewable energy sector. However, growth and fundamental 
transition of the world’s energy markets are still valid. It is significant that, collective cooperation of all 
sectors in society is required to address this global problem. 
Renewable energy will be more challenging and more vitally important in the future. Increasing 
energy demand and constrained energy supplies are likely to impact how energy affects economic 
atmosphere in the future. We think that hydrogen economy has many advantages over the current fossil 
fuel system. 
The point is that hydrogen economics and six sigma methodology are at crossroads to establish clean 
and renewable energy resources based on hydrogen energy, and minimize both internal and external 
costs.  
Energy sector plays a key role in developing the breakthrough technology that will support the 
advance of long-run sustainable renewable energy sources and industry’s ability to deliver competitively 
priced energy will depend on the creation of comprehensive energy policies.  
Many of the leading business magazines are predicting that the hydrogen economy and the world wide 
energy web will be the next great commercial revolution. Hydrogen will eventually be as cheap as 
personal computers, cell phones and palm pilots. When that happens, the possibility opens up to truly 
democratize energy, making it available to every human being on Earth [9]. 
Innovative new product offerings based on new energy technologies via Six Sigma applications and its 
contribution to energy efficiency should be the solution to the hydrogen energy investor’s insufficient 
awareness of the opportunities for renewable energy.  
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